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An account that differs from the presently widely accepted interpretation of spikelet structure in Carpha R.Br. is 
given. This is based on examination of African species. Elaboration of structure and details of development have 
enabled better understanding of the variability reported. C. glomerata (Thunb.) Nees is the species exhibiting least 
spikelet reduction; other species differ mainly in degree. The slightly elongated, curved, zigzag portions of the 
distal part of the rachilla emphasize the relationship between Carpha and Schoenus L. 
Die blompakkiestruktuur van Carpha R.Br. verskil van die wyd-aanvaarde interpretasie daarvan na aanleiding van 
die spesies uit Afrika wat bestudeer is. Die nuwe insig oor die struktuur en ontwikkeling maak dit makliker om die 
variasie wat gerapporteer is, te verklaar. C. glomerata (Thunb.) Nees vertoon die minste verkorting van die 
blompakkie, terwyl daar by ander spesies 'n graadverskil voorkom. Die effens verlengde, gebuigde, sigsag-dele 
van die distale gedeelte van die rachilla beklemtoon die verwantskap tussen Carpha en Schoenus L. 
Keywords : Carpha, spikelet structure, rachilla. 
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Introduction 
In this paper we describe and interpret the spikelet structure of 
African species of Carpha R.BT. An understanding of spikelet 
structure and development will assist in reducing the vagueness 
and discrepancies often found in existing descriptions. It is also 
important when deciding on generic delimitations in Carpha, a 
genus which has presented many problems in this regard 
(Goetghebeur 1986: 759). 
The species listed below were investigated. 
1. Carpha glomerata (Thunb.) Nees 
This species was classified as Asterochaete glomerata (Thunb.) 
Nees by Levyns (1950: 119) and Metcalfe (1971: 85). How-
ever, most workers accept its relationship with Carpha (Goet-
ghebeur 1986: 768). Distribution is southern African (Cape 
Province, Natal). There is a record from alpine marsh on Mt. 
Uluguru, Tanzania (Haines & Lye 1983: 322) but on re-exami-
nation we found the only cited specimen (Bruce 742, BM) to 
be C. capitellata (Nees) Boeck. C. glomerata has a relative, C. 
schlechteri c.B. Clarke, confined to the Koue Bokkeveld 
mountains of the Ceres District of the south-western Cape 
(Reid & Arnold 1984: 141). Material of this latter taxon was 
not studied. 
2. C. angustissima Cherm. 
This species is closely related to C. eminii (K. Schum.) C,B, 
Clarke and was placed at varietal level under it by Kiikenthal 
(1939: 210). Both taxa are from alpine bogs on tropical African 
mountains. C. eminii was originally described under Oreo-
grastis K. Schum. and does not relate closely in general facies 
or in habitat to C. glomerata which is not alpine in southern 
Africa. 
3. C. filifolia Reid & Arnold and other African species 
C. filifolia, C. bracteosa C.B. Clarke and C. capitellata, all 
southern African [although the last is also known from Tan-
zania and Zimbabwe (Inyanga)], were investigated for pur-
poses of comparison. The latter two taxa are closely related, 
but C. bracteosa has ovate, wider inflorescence bracts than the 
lanceolate ones of C. capitellata (Reid & Arnold 1984: 141). 
These species exhibit reduction in inflorescence branching that 
is even better expressed in C. filifolia (Reid & Arnold I.c.), 
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These seven species (the only ones that have been described 
for Africa) cover the range of spikelet structure for the genus 
on this continent. The type species, C. alpina R.Br., is from 
New Guinea, S.E. Australia, Tasmania and New Zealand. 
Previous Interpretations of spikelet structure 
Descriptions of spikelet structure at both generic and specific 
level, convey evidence of variability in arrangement (spiral, 
subdistichous or distichous), number and size of proximal 
sterile glumes and distal fertile (floral) glumes. It is not 
surprising, therefore, that gross morphological criteria have 
mostly been employed to differentiate taxa while 'neglecting 
spikelet characters' (Reid & Arnold 1984: 141). Clarke (1897/ 
1898: 269, 271) stressed the straight, non-flexuous nature of 
the spikelet rachilla, using this and the close approximation of 
the lowest, fertile, floral glume and the next immediately fol-
lowing one, to distinguish Carpha from Schoenus L. In generic 
descriptions he (Clarke 1901/02: 483) contrasted these genera 
as follows: 
'Glumes subdistichous; 3 lowest empty, fourth con-
taining a bisexual, nut-bearing flower, fifth inserted 
close above the fourth, uppermost sterile. Carpha' 
'Glumes subdistichous; 3 lowest empty, fourth contain-
ing a bisexual, nut-bearing flower, the rhachilla elon-
gated and curved before the insertion of the fifth glume; 
uppermost glumes reduced. SchoenUs' 
In many species descriptions there is a lack of detail of the 
number and sexuality of the florets within a spikelet. For 
example, C. glome rata: Clarke (1897/98: 269) stated 'nut-
bearing glumes' without qualification of number of flowers or 
number of nuts matured per spikelet, but did give more detail 
for the genus as a whole - particulars that cannot be applied 
to individual species, however. Haines and Lye (1983: 322) 
were more specific, recording 2 basal scales, 2 glumes and a 
single flower. Goetghebeur (1986: 765) also described 'one bi-
sexual flower'. Levyns (1950: 119) was helpful with 'Flowers 
2, either both bisexual or ... lower bisexual and ... upper male 
with ... rudimentary gynoecium'. However, these particulars 
were given not for Carpha glomerata (as Asterochaete glome-
rata), but in the generic circumscription of Asterochaete Nees, 
which also covered A. capitellata Nees. Descriptions of C. 
eminii and C. angustissima express variability and vagueness 
as to the number of fertile glumes and bisexual florets present 
in the spikelets. For example, Napper (1964: 38) gave details 
for C. eminii and its variety angustissima (Cherm.) Kiikenth. in 
the generic circumscription which covered only this species. 
She stated: 'spikelets ... have 4 - 7 glumes of which the basal 
ones are empty, the succeeding 1 - 3 mature a trigonous nutlet 
and the apical ones are empty' . Haines and Lye (1983: 321, 
322) reported for C. eminii and C. angustissima, respectively: 
'spikelets ... with 4 - 6 glumes ... the uppermost and longest 
with a solitary bisexual flower' and 'spikelets of 5 - 6 ... 
scales, the lower 2 - 3 empty, the upper with bisexual flowers', 
and for the genus, the circumscription of which covered the 
two already named species and C. glomerata (now known to 
be C. capitellata), 'spikelets distichous with lower scales 
empty, 1 - several bisexual flowers above and sometimes 1 - 2 
terminal empty scales'. For C. angustissima, Goetghebeur 
(1986: 763) found a reduced glume present between the dorsal 
side of the fruit and the uppermost glume, but did not include 
this in his plan of the spikelet (Figure 8.12.15B,C). Descrip-
tions of other southern African species are not more specific. 
Terminology has compounded problems of interpretation and 
numbers of parts. Haines and Lye used 'scales' and 'glumes'. 
Bruhl (1992) used 'sterile bracts' or 'fertile floral bracts' for 
the genus. Consistency is required. In this paper, only the term 
'glume' will be used, qualified by 'sterile' or 'fertile'. 
Present Investigation 
Material and Methods 
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Spikelets were observed with an Olympus binocular micro-
scope X40 before and after dissection. Following preliminary 
study, proximal sterile glumes were removed. From the distal 
portion, half of each of the fertile glumes was cut away to 
reveal details of rachilla and florets. To assist in viewing, and 
to preserve for illustration, dissections were stained with 
toluidine blue and mounted in glycerol. Exsiccatae studied are 
listed at the end of the paper. Throughout this study inflores-
cence bracts have been disregarded. 
Findings 
The features of spikelet structure revealed during investigation 
are shown mainly by means of illustrations of Carpha glome-
rata (Figure 1). Interpretations of the structure of this and other 
taxa are given under Discussion. 
Discussion 
There are four criteria that are crucial in interpreting spikelet 
structure in Carpha. Their appreciation and evaluation by 
investigators has varied; consequently, their bearing upon 
constructional interpretation has not been adequately ex-
pressed. The outcome has been a lack of detail in description 
and a lack of understanding of the variability encountered. 
These four criteria are: rachilla structure; extent of spikelet 
reduction; relative positions and levels of attachment to the 
rachilla of glumes and florets; and displacement of mature 
fruits. The first two will be dealt with in order, and the last two 
together in relation to illustrations of Carpha glomerata. 
Comments on other African species will follow. 
Rachilla structure 
Clarke (1897/98, 1901/02) stressed the straight, non-flexuous 
nature of the spikelet rachilla in Carpha as opposed to that in 
Schoenus. Our examinations of spikelets show that the 
proximal portion of the rachilla (that part which carries the 
sterile glumes) is indeed straight with short internodes, but the 
distal portion (certainly the part that has undergone full de-
velopment) is curved (zigzag) with internodes somewhat elon-
gated, but by no means as markedly so as in Schoenus. 
Extent of spikelet reduction 
Acropetal reduction is clearly evident and no investigator has 
failed to realise its significance in spikelet construction. The 
same cannot be said for reduction from the spikelet tip down-
wards, which tended to be obscured by the acropetalously in-
creasing glume size and the fertility of these larger glumes, as 
well as by the enclosure of the distal portion of the spikelet by 
lower glumes. The continuation of the rachilla past the point of 
attachment of the uppermost formed floret (evident in C. 
glomerata but not in other representatives of African species 
examined by us), supports our contention that reduction from 
the spikelet apex downwards occurs within Carpha, but is not 
fully stabilized. 
Relative positions and levels of attachment to the rachilla of 
glumes and florets, and displacement of mature fruits 
Figure lA, in which the upper part of the spikelet is greatly 
enlarged, shows that glume 3 arises from the node below the 
one that develops glume 4. Glume 3 is therefore sterile. Floret 
X lies above the node that develops glume 4 and is partially 
enwrapped by the proximal part of this glume, before being 
enwrapped by glume 3. It occupies almost the entire rachilla 
surface, so that growth of the remainder of the rachilla tissue 
continues where space is available. It circumvents the en-
larging floret X and grows into the slightly elongated internode 
that is closely enwrapped in the base of glume 4 (Figures 
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1A,C,D). A node fonns that gives rise to glume 5. Glume 5 is 
totally enwrapped by glume 4. Glume 5 is usually fertile and 
enwraps floret Y. This upper floret Y has been described as 
bisexual and as male. It is later in development than floret X. 
When the achene of floret X is mature, floret Y has well-
developed, large stamens and what appears as an undeveloped 
gynoecium. At this stage it appears functionally male; how-
ever, in at least some spikelets there is maturation of this 
second achene, but at a later time than that of maturation of the 
S.-Afr.Tydskr.Plantk., 1994,60(3) 
first achene. Floret Y again occupies the major area of the 
rachilla but does not tenninate it. The apex produces another 
slightly elongated internode and a node that carries glume 6. 
This is rudimentary and empty, although it sometimes was 
observed to have enlarged to about half the length of glume 5. 
At maturity, achene X is freed from the rachilla. It falls, but 
is held by sterile glume 3 until this glume abscises and/or the 
achene is dispersed. Likewise, achene Y matures, abscises and 
is held by glume 4 until dispersal. 
5 
4 3 
E :1".6.1"'11\. 
Figure 1 Carpha glomerata. A. Spikelet, distal portion only. Note uppermost sterile glume 3, succeeded by fertile glumes 4 and 5, 
with nearer halves removed to expose florets and rachilla. Floret X, bisexual, developed above node producing glume 4. Floret Y, bi-
sexual, later in development than floret X, therefore appearing male, developed above node producing glume 5 and is enveloped in glume 
5 which opens into glume 4. Also note curved rachilla internodes and reduced glume 6. B. Spikelet, exterior view of whole. 
C. Glumes 4 and 5, with achene Y, late stage. Note prolonged base of glume 4. D. Glumes 3, 4 and 5, early stage. Note achene of floret 
X free from rachilla, contained in sterile glume 3. Floret of glume 5 appearing male; gynoecium present, immature. Also note enwrapping 
of glumes. E. Spikelet, diagrammatic, showing rachilla, glumes, florets. Scale bars: A, 1 mm; B - D, 2 mm. A, B: Browning 228 
(NU); C, D: Strey 7738 (NU). 
S.Afr.J.Bot., 1994, 60(3) 
Some spikelets mature only one achene, others mature two 
[Strey 7738 (NU)]. The number of achenes matured per 
spikelet is not regular through an entire inflorescence nor from 
one locality to another. Accurate interpretation is made diffi-
culL by the time lapse between the shedding of achene X and 
the maturation of achene Y. Under favourable growing condi-
tions many spikelets may mature two achenes. The 'rudimen-
tary' glume 6 may enlarge considerably. Under less favourable 
circumstances the distal tip of the rachilla fails to develop so 
that only one achene per spikelet is produced. 
Other African species 
In the other African species investigated, spikelet structure 
follows the pattern described for C. glomerata. Potential exists 
for the maturation of two achenes per spikelet which is fre-
quently, but not always, fulfilled. When fulfilled, the two 
achenes are positioned successively above the nodes that 
develop glumes 4 and 5 (as numbered in Figure lE). Glumes 1 
- 3 are sterile (certainly in all the cases examined). Achene X 
falls into glume 3 and achene Y into glume 4 before dispersal. 
When only one achene per spikelet matures, a very short, 
curved section of the rachilla is often visible within the basal 
fold of glume 4. This is either free from the glume tissue, or 
attached in part from the base. It may be seen with a hand lens 
if glume (4) is carefully splayed open, but degenerates early. 
No evidence of a rudimentary glume 6, as is present in C. 
glomerata, was found in any other species investigated. 
Summary and Conclusions 
History of the tribe Rhynchosporeae provides evidence of 
varied interpretation of spikelet construction. A cymose pattern 
was envisaged by early workers including Schonland (1922: 
12) and Levyns (1943 : 21). Later workers preferred a racemose 
plan (Eiten 1976: 82; Haines & Lye 1983: 27). The differences 
seem attributable to the examples investigated, which have 
served as models. In the context of Carpha, the statement of 
Haines (1967: 62) is relevant: 'The peculiarity of this tribe 
[Rhynchosporeae] lies in the enwrapping glumes, not in a 
cymose structure.' But the diagrammatic illustrations of 
Levyns (1943: 22, Figure 1A; 1947: 55, Figure lE) cannot be 
disregarded. 
In our study of spikelet structure in Carpha we found 
enwrapping glumes. These are distinctive and their dissection 
and unfolding provided evidence of their sequence and of the 
levels at which nodes and florets are developed. We were 
guided by Eiten (1976: 81) who advised: 'When two glumes 
appear to arise at the same level, the one which is really more 
basal totally or partially surrounds the distal one.' Our 
observations were supported by the independently derived 
illustrations of Levyns for the related genera Trianoptiles 
Fenzl. and Epischoenus C.B. Clarke. Levyns, however, 
interpreted spikelet construction as cymose. We cannot agree 
that a floret terminates the rachilla and that subsequent growth 
is continued by a branch of higher order. Rather we interpret 
the floret as occupying considerable space and appearing 
pseudo-terminal, making further rachilla growth possible only 
as a slightly elongated extension that must curve to accommo-
date the expanding floret with its maturing fruit. Distal 
internodes are therefore elongated and curved, showing rela-
tionship with Schoenus. 
Spikelet reduction from the base upwards is made obvious 
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by the consistent presence of proximal sterile glumes. Reduc-
tion from the apex downwards is indicated by the delayed 
maturation of a second (upper) floret, which becomes uncertain 
of development under unfavourable conditions. When two 
florets develop, glumes 4 and 5 are fertile, but glume 5 may 
fail to mature and may abscise with the spikelet apex. It is only 
in C. glomerata that a sixth (rudimentary, sterile) glume has 
been observed. 
Exsiccata studied 
(All NU, except where stated otherwise.) 
C. angustissima H. Chenn. 
Humbert 7722, 8586 (P); Purseglove 2199 (K). 
C. bracteosa C.B. Cl. 
Taylor 5988. 
C. capitellata Boeck. 
Bruce 742 (BM); Get/iffe, Hearne & Kerfoot 56; Robinson 
1976. 
C. filifolia Reid & Arnold 
Hilliard & Burtt 11791,13462,14946,17489; Schwabe 0171 . 
C. glome rata (Thunb.) Nees 
Browning 219, 228; Hilliard & Burtt 13204; Strey 7738; Ward 
7196. 
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